In this study, impact of inflation (WPI-Wholesale Price Index), exchange rate, and interest rate on the production of red meat in Turkey was examined using the vector autoregressive (VAR) model. The model consisting of variables of dollar exchange rate, inflation rate, interest rate, beef, buffalo meat, mutton, and goat meat production amounts has been estimated for the period from 1981 to 2014. It has been detected that there is a tie among the dollar exchange rate, inflation rate, interest rate, and the amount of red meat production in Turkey. In order to determine the direction of this relation, Granger causality test was conducted. A one-way causal relation has been observed between: the goat meat production and dollar exchange rate; the buffalo meat production and the mutton production; and the beef production and the mutton production. To interpret VAR model, the impulse response function and variance decomposition analysis was used. As a result of variance decomposition, it has been detected that explanatory power of changes in the variance of dollar exchange rate, inflation rate, and interest rate in goat meat production amount is more than explanatory power of changes in the variances of mutton, beef, and buffalo meat variables.
Introduction


Today, the rapidly growing population and diminishing natural resources together are increasing the importance of adequate and balanced nutrition day by day for the protection of community health and development. Production of staple food which are necessary in a healthy diet of individuals in society is being either plant based or of animal origin necessitates the creation and development of agricultural policies that would allow effectively functioning of agricultural markets and opening the way for individuals to reach staple food at desired level and with minimum cost (Ünlüsoy, İnce, & Güler, 2010) .
In Turkey, animal husbandry constitutes the sub-sector of agricultural industry with the highest total output of its agrarian economy. In Central Anatolia, Southeastern Anatolia Region, and rural areas of the West and in East Anatolia Region in particular, livestock is the basic subsistence activity in primary agricultural level
Materials and Method
Materials
In the study, all statistical data on red meat production as materials are obtained from Statistical Institute of Turkey (TÜİK) and the United Nations Food and Agriculture Organization. Additionally, the data of average annual percent change of Wholesale Price Index (WPI) published by the Ministry of Development have been used (Retrieved from http://www.kalkinma.gov.tr/Pages/EkonomikSosyalGostergeler.aspx). Dollar exchange rate value and the rediscount rate (%) values published by the Republic of Turkey Central Bank (TCMB) have been used (TCMB, 2015) . The information belonging to the period after 2010 was obtained from Statistical Indicators 1923 -2013 published by TÜİK (2014 . Dollar exchange rate and interest rate information for 2014 is taken from the TCMB's web address and WPI (%) is taken from the web site of http://www.alomaliye.com/2015/tufe-aralik-2014.htm. The amount of red meat produced annually consists of beef, buffalo meat, mutton, and goat meat. The study covers the period between the years 1981-2014. Variables of the data used in the study are shown as follows: VECTOR AUTOREGRESSIVE (VAR) ANALYSIS 369  SE: beef production amount;  ME: buffalo production amount;  KOE: mutton production amount;  KEE: goat production amount;  DOLAR: dollar exchange rate;  WPI: Wholesale Price Index inflation rate (%);  INTEREST: central bank rediscount rate (%).
Research Method
In order to obtain a significant relation among the variables used in the statistical analysis, series must be stationary. Stationarity, in general, is constant mean, constant variance and covariance between two values of the series, not depending on time studied, but depending only on the difference between the two time values (Berber & Artan, 2004) .
Unit Root Test
The stationarity test to be performed before the series of causality is investigated. In testing to determine whether or not series is stationary, Augmented Dickey Fuller (ADF) test which was developed by Dickey and Fuller (1981) can be used. According to Dickey and Fuller (1981) , it is considered that the average term of the error is to be zero, to a normal distribution, and to the constant variance; error term is to be the white noise. The average of a stationary time series, variance, and covariance is not changing over time (Darnell, 1994) . This test can be written in three different forms (Asteriou & Hall, 2007) .
ADF test, in above equation, tests if  coefficient statistically is equal to zero. The results reached with ADF test can be compared to McKinnon critical values at significance level of 1%, 5%, and 10%. In the equation, ΔX t shows the first difference of time series which is being analyzed to determine whether or not it is stationary, t general trend variable and ΔX t-1 lagging difference terms.
Vector Autoregressive (VAR) Model
VAR model was developed by Sims (1980) . In this method, dependence structure between the variables is not required. In this case, the variables in the model without the distinction among endogenous-exogenous all variables are considered endogenous. This feature provides flexibility in the analysis phase. In this method, each variable is projected by its own lagged values and the lagged values of other variables (Kadılar, 2000) .
VAR models are being used primarily to examine the relations between macro economic variables and variables used in the analysis of the dynamic effects of random shocks on variables system. Moreover, according to many economists, unrestricted VAR gives better results than classical structural modeling for forecasting (Greene, 1993) . First degree vector autoregression (VAR (1)) model is
where, α is stationary; Φ is over X t-1 with k × k dimension transition matrix of expression free from X t (Shumway & Stoffer, 2006) ; and e t is zero mean, with multivariate normal distribution, with zero covariance and stationary variances that are with white noise. Similarly VAR(p) model is as follows (Akdi, 2010):
...
VAR models often preferred for time series for that its dynamic relations can be given without limitation on the structural model (Keating, 1990) . Additionally in VAR models, inclusion of the lagged values of the dependent variables allows making strong predictions for the future (Kumar, Robert, & John, 1995) . Such modeling methods are used for analyzing the dynamic structure of the time series (Stock & Watson, 2001 
where, α is stationary term; e 1t , e 2t , …, e 7t mean zero and with stationary covariance random stochastic processes. In the term: Φ ij L in the matrix of coefficients, subscript ij represents equation number and independent variable and L is lagging processor.
Causality Test
Causal relations among the variables are to be examined with Granger casuality test (1969) . Based on these relations, Granger (1969; and Sims (1972) suggested casuality.
In VAR model to conduct casuality tests among variables, all variables required to be stationary (Enders, 1995) . Granger casuality test is to be conducted with the equations (4) and (5) (Tarı, 2014) .
If the two time series are mutual causes, there would be a mutually causal relation (Granger & Newbold, 1986) . Models numbered (4) and (5) (Maddala, 1989) .
Impulse and Response Functions
Impulse response functions reflect the effect to the current and future value of endogenous variables of standard error shock in any of random error terms. Impulse response function is used to describe how a shock in one market (a one-standard-deviation shock) may propagate to others (Engle, Gallo, & Velucchi, 2012) .
Variance Decomposition
Variance decomposition is decomposition ratio of prediction error variance components of each variable VECTOR AUTOREGRESSIVE (VAR) ANALYSIS 371 that can be installed on each variable in the system (Pindyck & Rubinfeld, 1991) . Variance decomposition shows the percentage of the change that occurs in the used variable that originates from itself and the percentage from other variables.
If the large part of the changes occurring in the variable stems from the shock in itself, this is an exogenous acting of the variable. The variance decomposition provides information on the degree of causal relations among the variables (Enders, 1995) . The variance decomposition provides information that determines the relative importance of each and every random shocks influence the variables in VAR (Nieh & Yau, 2004) .
Findings
Primarily stationarity analysis of variable series of red meat production, dollar exchange rate, interest rate, and WPI has been conducted. Therefore, ADF unit root test was calculated. As a result of unit root test conducted, series are found to be not significant at their level value. To make the series stationary, taking the first difference, the stationarity test was conducted again, according to Table 1 as a result of unit root test. When taking the first difference of the series SE, ME, KOE, KEE, DOLAR, WPI, and INTEREST, they were not with unit root. So it is stationary. The result of stationarity was supported by reverse roots of AR characteristic polynomial of predicted VAR model shown in Figure 1 . In Table 2 for the variables of SE, ME, KOE, KEE, DOLAR, WPI, and INTEREST, it was determined that appropriate length of delay was three according to AIC criteria. After determining appropriate length of delay, VAR analysis and Granger casuality test were conducted.
On the results of VAR analysis presented in Annex, goat meat production amount as being two delay has a relation between itself and buffalo meat production amount statistically significant (P < 0.05 and P < 0.01). Goat meat production amount of two periods ago has impact on itself as much as -0.68 and on buffalo meat production -0.16. Because the coefficients are negative, one unit goat meat production amount of two periods ago will cause decrease by 0.68 on itself and will cause decrease on buffalo meat production by 0.16. Relation of goat meat production by three delay with beef production is statistically important (P < 0.05). One unit of goat meat production amount three periods ago will lead to an increase in beef production amount by 12.52.
Buffalo meat production amount will lead to an increase, in goat meat production by 3.14, in itself by 0.60 one period ago. Beef production amount will lead to an increase by 13.85 in mutton production amount as one unit three periods ago. Dollar exchange rate of three periods ago, as one unit will lead to a decrease in buffalo meat production amount by 0.05 unit. WPI values will lead to a decrease, as one unit in buffalo meat production by 2.75 units, one period ago. WPI values will lead to a decrease in buffalo meat production by 3.88 units, two periods ago. WPI values will lead to an increase in beef production amount by 2,441 units three periods ago.
According to Nazlıoğlu (2010) , in the study of "Impacts of Macro Economic Policies on Agricultural Production; A Comparison for Advanced and Emerging Economies", effects of agricultural prices, money supply, government spending, inflation rate, interest rate, and exchange rate on agricultural production were analyzed with cointegration methods. The obtained results indicate that agricultural production is affected in a positive direction from the rise in agricultural prices and in exchange rate. According to Okumuş (2012) , in the study of "Agricultural Policies and Time Series Analysis; An Application to Cotton Price in Turkey" cotton production, relation between the cotton price in the stock market and diesel fuel was analyzed with VAR method. Previous one year's production amount and cotton prices are found to be the important factors on production. With this aspect, the results obtained by this study differ from these results.
For three lag, results of F tests which conducted to see whether or not there is a causality among the variables can be seen in Table 3 . In line with these findings, goat meat production is caused by dollar exchange rate, in other words, there is a one-way causality relation from goat meat toward dollar exchange rate (P < 0.05) and there is a one-way causality relation also from buffalo meat toward mutton and from beef toward mutton (P < 0.01). Subaşı and Ören (2013) have determined that from agricultural R&D (research and development) spending toward agricultural growth, there is a one-way causality relation. This result contains different VECTOR AUTOREGRESSIVE (VAR) ANALYSIS 373 findings in comparison with the relation of inflation, dollar exchange rate, and interest rate to the red meat production in this study. Response of ME to ME -2,000 In Figure 2 , it can be seen how dollar exchange rate, interest rate (%), and WPI (%) have effect on red meat. When a one-unit of shock is applied to change in the short-term monetary movements, for the purpose of dynamic effects to be seen as a result of other series (SE, ME, KOE, and KE), response to this change is given for 10 periods in Figure 2 . Dashed lines on the graph indicate the confidence interval and straight lines show the point of estimate. The reaction of the beef production in the face of one unit shock in beef production in the first period is positive, in 5th period negative, and in following periods undulant positive. The reaction of the buffalo meat production in the face of one unit shock in buffalo meat production in first three periods is positive, 4th and 7th period negative, and in other periods positive. In the first period, the reaction of the goat meat production is positive in beef production in the face of one unit shock. It is negative in 5th period and positive in other periods. In the first period, the reaction of the mutton production is negative in the face of one unit shock in beef production, positive in 5th and 7th periods, and the reaction negative in other periods. In the face of one unit shock in beef production, it has insignificant impact on the exchange rate. The reaction of the interest rate in the face of one unit shock in beef production in first two periods and 5th period is positive, while 6th period negative, and in following periods, reaction was considerably weak. The reaction of the WPI in the face of one unit shock in beef production is positive in 4th period and in other periods insignificant reaction occurred. In response to one unit shock in buffalo meat production, the reaction of beef and mutton production and dollar exchange rate were weak, whereas goat meat production amount in 1st, 2nd, and 6th periods are positive, in following years insignificant; interest rate (%) in first two periods positive, in following years undulant; WPI (%) in first three periods negative, in 4th period positive, and in following years reacted weakly.
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While the reaction of the dollar exchange rate and interest rate (%) in the face of one unit shock in goat meat production amount remains weak, WPI's reaction (%) in first three periods is negative, 4th and 5th period positive. While the reaction of the dollar exchange rate in the face of one unit shock in mutton production amount remains weak, interest rate in first two periods is positive, later undulant. After 6th period weak reaction, WPI's reaction (%) in first three periods is negative, 4th and 5th period positive, and in following periods, its reaction remains weak. While one unit shock in dollar exchange rate does not make a significant effect on buffalo and mutton meat production amount, in beef production amount, it has created a positive impact in first two years; in goat meat production amount, it has created a positive impact in first five years. While the effect of interest rate was negative in beef, buffalo meat, and goat meat production in first year, it was positive in mutton. In responses to the shock in interest rate reaction in beef production, it was weak after 5th period and buffalo meat reacted negatively in 1st and 7th periods, positively in others; while goat meat reacted negatively between the 3rd and 9th periods and mutton production displayed an undulant reaction. In response to one unit shock in WPI, in goat meat, and in beef and mutton production, insignificant reaction occurred; there was a negative in buffalo meat production and there was a positive effect in 1st year.
According to Özgen and Güloğlu (2004) , in the study of "Analysis of Economic Effects of Domestic Debt in Turkey using VAR Technique", causalities between domestic debt and main macroeconomic variables are tested for 1988:12-2003:4 period. According to the impulse response analysis, it shows also that a shock to the domestic debt has negative and significant impact on central bank money. According to the results of variance decomposition analysis given in Table 4 , the goat meat production describes the values for the next period 100%; after two periods, it can describe 81.97%; after three periods, 68.45%; and after 10 periods 45.98%. For the same period of goat meat production, after 10 periods, it was able to describe mutton production 3.58%, buffalo meat 11.23%, beef 11.78%, dollar exchange rate 9.40%, interest rate 5.73%, and WPI 12.29%. When the change in the variance of mutton production amount studied, at the end of 10 periods, explanatory rates belong to respectively with 30.75% to mutton production amount, with 14.50% to WPI, with 12.40% interest rate, with 12.08% to buffalo meat production amount, with 11.86% to variable itself, with 11.29% to beef production amount, and with 7.12% dollar exchange rate. Explanatory rates of change in variance of buffalo meat production amount respectively with 33.76% belong to variable itself, with 29.18% to WPI, with 9.52% to mutton production amount, with 9.02% interest rate, with 8.08% to mutton production amount, with 6.12% beef production amount, and with 4.32% to dollar exchange rate. Explanatory rates of change in variance of beef production amount respectively with 35.31% belong to goat meat production amount, with 18.91% to buffalo meat production amount, with 12.84% to itself, with 12.24% to interest rate, with 11.60% to WPI, with 6.59% to mutton production amount, and with 2.52% to dollar exchange rate. Explanatory rates of change in variance of dollar exchange rate respectively with 30.82% belong to goat meat production amount, with 24.72% to itself, with 12.04% to WPI, with 10.78% to mutton production amount, with 9.13% to beef production amount, with 7.77% to interest rate, and with 4.74% to buffalo meat production amount. Explanatory rates of change in variance of interest rates respectively with 21.96% belong to goat meat production amount, with 20.61% to itself, with 18.54% to WPI, with 10.56% to dollar exchange rate, with 18.27% to buffalo meat production amount, with 7.42% to beef production amount, and with 2.64% to mutton production amount. Explanatory rates of change in variance of WPI respectively with 35.83% belong to variable itself, with 24.71% to goat meat production amount, with 11.95% to buffalo meat production amount, with 11.76% dollar exchange rate, with 7.62% beef production amount, with 5.33% interest rate, and with 2.80% to mutton production amount.
Conclusions
In this study, the factors affecting the red meat production in Turkey were detected with VAR analysis. In this analysis, beef, buffalo meat, mutton, goat meat production amounts, dollar exchange rate, inflation rate according to consumer price index (WPI), and interest rate are used as variables. As outcome of VAR analysis VECTOR AUTOREGRESSIVE (VAR) ANALYSIS 378 was obtained with Granger causality test, variance decomposition and impulse response analysis interpreted in three forms. According to these results, dollar exchange rate, WPI, and interest rate have impacts on red meat production of Turkey.
In result of variance decomposition, the biggest effect of goat meat production on the variables is its own lagged values. Similarly, the biggest effect of WPI values on the variables is its own lagged values. The biggest effect of mutton production amount on the variables is goat meat production amount. Similarly, the biggest effect of beef, dollar, and interest values on the variables is goat meat production amount.
Again in the result of variance decomposition, dollar exchange rate affected goat meat production amount by 30.82%, mutton production amount by 10.78%, beef production amount by 9.13%, and buffalo meat production amount by 4.74%. WPI affected goat meat production amount by 24.71%, buffalo meat production amount by 11.95%, beef production amount by 7.62%, and mutton production amount by 2.80%. INTEREST rate affected goat meat production amount by 21.96%, buffalo meat production amount by 18.27%, beef production amount by 7.42%, and mutton production amount by 2.64%. In accordance with these results, dollar exchange rate, WPI, and interest rate have the most effect on goat meat production amount. The least affected by dollar exchange rate are buffalo meat production amount, WPI and the least affected by interest rate are mutton production amount.
In Granger causality analysis between the variables of goat meat production amount and dollar exchange rate, a one-way association was revealed from goat meat production to dollar rate. Impulse response functions and variance decomposition also supported these results.
According to the results obtained, it has revealed that, in general, the red meat production amount, dollar exchange rate, WPI, and interest rate affect the goat meat production amount the most. 
